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Abstract: This paper develops a two-sector model of growth where agriculture is considered 
explicitly. Key features of the model include: the reliance of agricultural production on a 
fixed but degrading resource base, the use by the farm sector of industrially produced inputs 
and differing rates of technological progress in the two sectors. On the demand side, the low 
income elasticity for food as well as the life-sustaining function of food consumption are 
recognized. In this simplified framework, the sustainability of growth can be related to the 
existence of a steady state reflecting the ability of the economy to feed its population. This 
property is used to identify the characteristics within and outside of agriculture conducive to 
the sustainability of a land-constrained economy. The empirical application identifies sub-
Saharan Africa as the region of the world facing the most important challenges in terms of 
sustainability. The second part of the paper makes use of the transitional properties of the 
model to analyse the relationship between agricultural productivity and growth performance. 
For a closed economy, the model unambiguously supports the view that high agricultural 
productivity is conducive to fast growth and industrialization. Once the country is allowed to 
trade, however, the relationship becomes more complex, but a numerical experiment 
illustrates how trade liberalization can accelerate the growth of a country poorly endowed in 
agricultural resources. 
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odqg frqvwudlqhg hfrqrp|
[dylhu Lu} dqg Whuu| Urh￿
Pd| 44/ 5333
Devwudfw
Djulfxowxuh/ dqg lwv delolw| wr surgxfh irrg iru d jurzlqj srsxodwlrq/
zdv fhqwudo wr wkh wklqnlqj ri wkh prvw surplqhqw hfrqrplvwv lq wkh [YLLL|￿
dqg [L[|￿ fhqwxulhv1 Khqfh/ Gdylg Ulfdugr srvwxodwhg wkdw wkh txdqwlwdwlyh
dqg txdolwdwlyh olplwv wr wkh vxsso| ri odqg dw wkh ohyho ri d frxqwu| zrxog
xowlpdwho| uhvxow lq hfrqrplf vwdjqdwlrq +Nlqgohehujhu/ 4<::,1 Rwkhu fodvvl0
fdo hfrqrplvwv/ vxfk dv Wkrpdv Pdowkxv dqg Iudqfrlv Txhvqdlv/ hvvhqwldoo|
djuhhg wkdw djulfxowxuh lpsrvhv dq lqvxuprxqwdeoh olplw wr jurzwk1
Wkh klvwrulfdo uhfrug ri ghyhorshg frxqwulhv suryhv wkdw wkh fodvvlfdo
ylhz/ zklfk jdyh hfrqrplfv lwv qdph dv wkh glvpdo vflhqfh/ lv ixqgdphq0
wdoo| zurqj1 Lw lv qrz zhoo uhfrjql}hg wkdw whfkqrorjlfdo surjuhvv dqg wkh
srvvlelolwlhv ri idfwru vxevwlwxwlrq lq djulfxowxuh fdq ryhufrph wkh glplq0
lvklqj uhwxuqv wr odqg/ dqg wkdw djulfxowxuh ehfrphv uhodwlyho| pdujlqdo lq
lqgxvwuldo hfrqrplhv1 Frqvhtxhqwo|/ prghuq jurzwk wkhrulhv/ zklfk zhuh sul0
pdulo| exlow wr dqvzhu txhvwlrqv ri uhohydqfh wr ghyhorshg frxqwulhv +Uxwwdq/
4<<;,/ kdyh frpsohwho| ljqruhg wkh sduwlfxodulwlhv ri wkh idup vhfwru1 Wklv
ihdwxuh ri jurzwk wkhru|/ krzhyhu/ udlvhv wkh txhvwlrq ri lwv uhohydqfh iru orz0
lqfrph frxqwulhv zkhuh djulfxowxuh riwhq uhpdlqv grplqdqw/ erwk lq whupv
ri hpsor|phqw dqg lq whupv ri frqwulexwlrq wr qdwlrqdo lqfrph1 Lq idfw/
￿Uhvshfwlyho| Ohfwxuhu/ Ghsduwphqw ri Djulfxowxudo dqg Irrg Hfrqrplfv/ Xqlyhuvlw|
ri Uhdglqj dqg Surihvvru/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Plqqhvrwd1
4ghyhorsphqw hfrqrplvwv kdyh orqj uhfrjql}hg wkh olplwhg lqsxw wkdw jurzwk
wkhru| fdq eulqj wr wkhlu dqdo|vlv +Uxwwdq/ 4<<;,1
Wklv sdshu vkrzv wkdw jurzwk wkhru| fdq hdvlo| eh h{whqghg wr wdnh lqwr
dffrxqw wkh vshfl￿flwlhv ri wkh djulfxowxudo vhfwru lq d pxowl0vhfwru hqylurq0
phqw/ dqg wkdw wkh uhvxowlqj iudphzrun khosv vkhg oljkw rq txhvwlrqv ri uhoh0
ydqfh wr ghyhorslqj frxqwulhv1 Wkh prgho/ wkdw exlogv rq wkh Udpvh| wkhru|
ri jurzwk/ lqwurgxfhv h{solflwo| d idup vhfwru dqg suhvhqwv wkh iroorzlqj nh|
ihdwxuhv= wkh uholdqfh ri djulfxowxudo surgxfwlrq rq d ￿{hg exw ghjudglqj uh0
vrxufh edvh +odqg,/ wkh xvh e| wkh idup vhfwru ri lqgxvwuldoo| surgxfhg fdslwdo
lqsxwv dqg gl￿huhqfhv lq idfwru surgxfwlylw| jurzwk ehwzhhq wkh wzr vhfwruv1
Rq wkh ghpdqg vlgh/ qrq0krprwkhwlf suhihuhqfhv duh lqwurgxfhg lq rughu wr
uhsolfdwh Hqjho*v odz dqg d plqlpxp frqvxpswlrq uhtxluhphqw iru irrg lv
lpsrvhg1
Wkh ￿uvw sduw ri wkh sdshu irfxvhv rq wkh orqj0uxq surshuwlhv ri wkh prgho
dqg glvfxvvhv wkh lvvxh ri hfrqrplf vxvwdlqdelolw| lq d odqg frqvwudlqw hfrq0
rp|1 Dq dqdo|wlfdo frqglwlrq qhfhvvdu| dqg vx!flhqw iru wkh vxvwdlqdelolw| ri
jurzwk lv lghqwl￿hg> lw doorzv ￿uvw wr lghqwli| wkh whfkqrorjlfdo fkdudfwhulvwlfv
ri wkh djulfxowxudo vhfwru frqgxflyh wr vxvwdlqdelolw| dqg vhfrqg/ wr hydoxdwh
wkh vxvwdlqdelolw| ri jurzwk iru d vdpsoh ri frxqwulhv1
Wkh vhfrqg sduw ri wkh sdshu dqdo|vhv e| phdqv ri qxphulfdo phwkrgv
dqrwkhu fodvvlfdo txhvwlrq ri wkh ghyhorsphqw olwhudwxuh/ qdpho| wkh uhodwlrq0
vkls ehwzhhq djulfxowxudo surgxfwlylw| +dv h{sodlqhg e| wkh hqgrzphqw ri
djulfxowxudo uhvrxufhv, dqg wkh jurzwk sdwk ri dq hfrqrp|1 Erwk wkh fdvh
ri dq hfrqrp| ixqfwlrqlqj lq dxwdufk| dqg wkh fdvh ri dq hfrqrp| rshq wr
wudgh duh frqvlghuhg1 Wkh pdlq frqfoxvlrq vwdwhv wkdw +4,/ lq wkh frqwh{w ri
d forvhg hfrqrp|/ d odqg dexqgdqw frxqwu|/ ehfdxvh ri lwv delolw| wr surgxfh
uhodwlyho| fkhds irrg/ jurzv dw d kljkhu udwh dqg lqgxvwuldol}hv idvwhu wkdq
d odqg vfdufh frxqwu| dqg +5,/ wkdw lq wkh frqwh{w ri d orz0lqfrph frxqwu|
uhodwlyho| srruo| hqgrzhg lq djulfxowxudo uhvrxufhv/ wudgh olehudol}dwlrq fdq
dffhohudwh jurzwk dqg wkh ghyhorsphqw surfhvv vxevwdqwldoo|1
4 Djulfxowxuh dqg odqg lq d pxowl0vhfwru Udp0
vh| iudphzrun
Frqvlghu d vw|ol}hg hfrqrp| frpsrvhg ri wzr vhfwruv/ pdqxidfwxulqj dqg
djulfxowxuh/ wkdw surgxfh wzr krprjhqrxv jrrgv1 Erwk whfkqrorjlhv duh
5Free0Grxjodv zlwk frqvwdqw uhwxuqv wr vfdoh/ zlwk hdfk hpsor|lqj wzr hfrqrp|0
zlgh idfwruv/ fdslwdo g dqg oderu uc zklfk fdq eh uhdoorfdwhg iuhho| dqg
frvwohvvo| ehwzhhq vhfwruv1 Lq dgglwlrq/ odqg A lv vhfwru0vshfl￿f/ l1h1 odqg
fdq eh uhqwhg lq +rxw, dprqj surgxfhuv lq djulfxowxuh exw lw lv qrw d idfwru
ri surgxfwlrq lq wkh uhvw ri wkh hfrqrp|1 Lw lv ixuwkhu dvvxphg wkdw odqg
ghjudgdwlrq wdnhv sodfh dw d frqvwdqw udwh 1￿Uhihuulqj wr pdqxidfwxulqj dqg













Whfkqrorjlfdo surjuhvv wdnhv sodfh h{rjhqrxvo| lq wkh wzr vhfwruv dw gl￿huhqw
udwhv >6 dqg >@
4￿ Qrwlfh wkdw wkh irupxodwlrq ri surgxfwlrq lq wkh prgho
lv nhsw dv jhqhudo dv srvvleoh/ zlwk qr uhvwulfwlrqv lpsrvhg rq wkh uhodwlyh
lqwhqvlw| ri idfwru xvh ru rq wkh vshhg ri surgxfwlylw| jdlqv lq hdfk vhfwru1
Wkh ghpdqg vlgh ri wkh hfrqrp| lv prghohg e| d uhsuhvhqwdwlyh krxvhkrog










zkhuh S6| dqg S@| ghqrwh wkh shu fdslwd frqvxpswlrq ri pdqxidfwxuhv dqg
irrg dw wlph |5￿
Wkh lqwhuwhpsrudo xwlolw| ixqfwlrq lv wkh idploldu FHV irup sE￿￿’￿￿3w*E￿￿






Wkh frqvxphu*v zloolqjqhvv wr vprrwk frqvxpswlrq ryhu wlph lv jlyhq e|
wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq ￿*wc dqg 4 ghqrwhv wkh glvfrxqw
udwh1 Wkh krxvhkrog*v vl}h/ uc jurzv dw wkh h{rjhqrxv udwh ? zkloh sdudphwhu
￿ ’ b
3bE￿ ￿ b￿b3￿ lv fkrvhq wr vlpsoli| qrwdwlrqv1
4Wkdw lv/ b Dm@Dm @ ￿m iru m @ d>p1 Wkh vfdolqj sdudphwhuv Em duh vhw dssursuldwho| wr





5Lq zkdw iroorzv wlph vxevfulswv duh rplwwhg iru qrwdwlrqdo frqyhqlhqfh1
6Wkh qrq0krprwkhwlflw| ri wkh Vwrqh0Jhdu| suhihuhqfh v|vwhp kdv wkh gh0
vludeoh surshuw| ri ehlqj deoh wr uhsurgxfh Hqjho*v odz/ nqrzq wr sod| d pdmru
uroh lq wkh surfhvv ri vwuxfwxudo wudqvirupdwlrq ri dq hfrqrp|1 Ixuwkhupruh/
lq wkh frqwh{w ri d srru hfrqrp|/ sdudphwhu ￿ fdq hdvlo| eh lqwhusuhwhg dv
d plqlpxp frqvxpswlrq uhtxluhphqw/ l1h1 dq devroxwh ohyho ri irrg lqwdnh
ehorz zklfk olih fdq qrw eh vxvwdlqhg1
Wkh  rz exgjhw frqvwudlqw iru wkh krxvhkrog fdq eh zulwwhq dv d ixqfwlrq
ri fdslwdo vwrfn shu fdslwd/ &c odqg shu fdslwd ￿ dqg wkh uhodwlyh sulfh ri irrg
lq whupv ri pdqxidfwxuhv R6=
￿ & ’ ￿ n Eo ￿ ? ￿ B￿& n r￿ ￿ S6 ￿ RS@ +8,
Wklv htxdwlrq vwdwhv wkdw wkh krxvhkrog ghulyhv lqfrph iurp wkh vdoh
ri oderu vhuylfhv dw zdjh udwh ￿c iurp wkh vdoh ri fdslwdo vhuylfhv dw udwh
o dqg iurp wkh vdoh ri odqg vhuylfhv dw udwh r￿ Lqfrph lv wkhq doorfdwhg wr
frqvxpswlrq ri erwk jrrgv dqg vdylqjv ￿ &￿ Qrwh wkdw wkhuh duh wzr dvvhwv/
fdslwdo dqg odqg/ lq wkh hfrqrp| vr wkdw li zh ghqrwh e| RA wkh sulfh ri odqg/
wkh iroorzlqj qr0duelwudjh frqglwlrq pxvw krog=




RA ￿ 1 +9,
Wklv h{suhvvlrq jxdudqwhhv wkdw wkh uhwxuqv wr wkh wzr w|shv ri lqyhvwphqw
duh htxdol}hg1 Wkh ohiw kdqg0vlgh ri +9, uhsuhvhqwv wkh wrwdo uhwxuqv wr rqh
xqlw ri lqfrph lqyhvwhg lq sk|vlfdo fdslwdo/ wdnlqj lqwr dffrxqw wkh frvw ri
ghsuhfldwlrq1 Wklv vdph xqlw ri lqfrph frxog dovr ex| d txdqwlw| ￿*RA ri
dudeoh odqg/ jhqhudwlqj/ dw wlph |n_|c d uhqw lqfrph htxdo wr r￿￿*RAc dv zhoo
dv fdslwdo jdlqv lq wkh dprxqw ri ￿ RA ￿￿*RA￿ Krzhyhu/ gxh wr odqg ghjudgdwlrq/
wkh lqlwldo txdqwlw| ri odqg lv uhgxfhg e| dq dprxqw htxdo wr 1￿￿*RAc ydoxhg
dw sulfh RA vr wkdw wkh dvvrfldwhg frvw wr wkh lqyhvwru htxdov 17￿
Wkh forvxuh ri wkh prgho dulvhv iurp wkh pdunhw fohdulqj frqglwlrqv iru
wkh wkuhh surgxfwlrq idfwruv dv zhoo dv iru wkh djulfxowxudo frpprglw| zklfk
lv d sxuh frqvxpswlrq jrrg1
Ehiruh dqdo|}lqj wkh frpshwlwlyh htxloleulxp ri wklv vw|ol}hg hfrqrp|/ lw
lv zruwk kljkoljkwlqj wkh dv|pphwulhv ehwzhhq wkh wzr vhfwruv wkdw frqihuv
lwv ruljlqdolw| wr wkh prgho dqg wkdw sod| d fuxfldo uroh lq h{sodlqlqj wkh
6￿ ghqrwhv wkh udwh ri ghsuhfldwlrq ri sk|vlfdo fdslwdo1
7Wklv frqglwlrq fdq eh ghulyhg irupdoo| e| h{suhvvlqj wkh exgjhw frqvwudlqw lq whupv
ri wrwdo dvvhw kroglqjv d @ n .sW￿ dqg vroylqj wkh dvvrfldwhg pd{lpl}dwlrq sureohp1
7frqwulexwlrq ri djulfxowxuh wr wkh jurzwk surfhvv1 Iluvw/ djulfxowxudo surgxf0
wlrq uholhv rq d ￿{hg dqg ghjudglqj uhvrxufh edvh vr wkdw wkh prgho lqfru0
srudwhv h{solflwo| wkh Ulfdugldq lqwhqvlyh pdujlq1 Vhfrqg/ wkh idup vhfwru
xvhv lqgxvwuldoo| surgxfhg fdslwdo jrrgv dqg wklv ihdwxuh fuhdwhv d edfnzdug
olqndjh ehwzhhq djulfxowxuh dqg lqgxvwu|1 Wklug/ zkloh wkh djulfxowxudo vhf0
wru surgxfhv d sxuh frqvxpswlrq jrrg/ pdqxidfwxulqj rxwsxw fdq eh hlwkhu
frqvxphg ru lqyhvwhg lq sk|vlfdo fdslwdo1 Irxuwk/ wkh jurzwk udwhv ri wrwdo
idfwru surgxfwlylw| dv zhoo dv wkh uhodwlyh lqwhqvlwlhv ri idfwru xvh fdq gli0
ihu lq wkh wzr vhfwruv1 Iliwk/ wkh lqfrph hodvwlflw| iru irrg lv vwulfwo| ohvv
wkdq rqh zkloh lw lv juhdwhu wkdq rqh iru pdqxidfwxuhv1 Ilqdoo|/ d plqlpxp
frqvxpswlrq uhtxluhphqw lv rqo| lpsrvhg rq irrg1
5 Pdowkxvldq rxwfrph ru vxvwdlqhg jurzwkB
Dqdo|vlv ri wkh vwhdg| vwdwh surshuwlhv
514 Dqdo|wlfdo vroxwlrq
Wkh hyroxwlrq ri wkh vw|ol}hg hfrqrp| vshfl￿hg lq wkh suhylrxv vhfwlrq fdq
qrz eh fkdudfwhul}hg1 Frpelqlqj wkh }hur0sur￿w frqglwlrqv lq hdfk vhfwru/
wkh pdunhw0fohdulqj frqglwlrqv iru surgxfwlrq idfwruv/ irrg dqg pdqxidf0
wxuhv/ dqg wkh vroxwlrq wr wkh frqvxphu*v lqwhuwhpsrudo sureohp/ wkh v|vwhp
fdq eh uhgxfhg wr d vhw ri wkuhh vwdwlf htxdwlrqv/ wzr g|qdplf htxdwlrqv/ rqh
lqlwldo frqglwlrq &f dqg rqh wudqvyhuvdolw| frqglwlrq8=
k￿3o&E￿3k￿
kq23q￿E￿3k￿ ’E ￿ ￿ b￿SR
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8Wkh vshfldo fdvh zkhuh ￿￿5 ￿ ￿+4 ￿ ￿4, @3lv uxohg rxw iru vlpsolflw|1
8zkhuh S ’ ￿ES6cS @￿ lv gh￿qhg dv djjuhjdwh frqvxpswlrq iru frqyhqlhqfh91
Wkh ￿uvw htxdwlrq ghulyhv iurp wkh pdunhw fohdulqj frqglwlrq iru irrg/
zkhuh wkh ohiw kdqg0vlgh fruuhvsrqgv wr vxsso| dqg wkh uljkw kdqg0vlgh wr
ghpdqg1 Htxdwlrq +;, fruuhvsrqgv wr d uhvwdwhphqw ri wkh exgjhw frqvwudlqw
zkloh wkh Hxohu htxdwlrq +<, fkdudfwhul}hv wkh rswlpdo frqvxpswlrq sdwk ri
wkh krxvhkrog1 Lw jxdudqwhhv wkdw wkh ehqh￿wv iurp lqfuhdvhg frqvxpswlrq
duh htxdo wr wkh ehqh￿wv iurp iruhjrqh frqvxpswlrq dw hdfk lqvwdqw1 Qrwh/
krzhyhu/ wkdw uhodwlyh sulfh fkdqjhv ￿ R*R lpsdfw uhdo uhwxuqv wr vdylqjv dqg
wkhuhiruh d￿hfw wkh frqvxphu*v rswlpdo ghflvlrq1 Htxdwlrqv +43, dqg +44,
duh uhvwdwhphqwv ri wkh }hur0sur￿w frqglwlrqv lq wkh wzr vhfwruv/ dqg wkh
wudqvyhuvdolw| frqglwlrq +45, jxdudqwhhv wkdw wkh krxvhkrog*v xwlolw| lv ￿qlwh1
Lw fdq eh vkrzq dqdo|wlfdoo| wkdw d vwhdg| vwdwh zlwk vxvwdlqhg jurzwk
h{lvwv rqo| xqghu fhuwdlq frq￿jxudwlrqv ri sdudphwhuv1 Wkh uhvxowv duh vxp0
pdul}hg lq wkh iroorzlqj sursrvlwlrq=





n >@ ￿ E￿ ￿ q￿ ￿ q2￿E? n 1￿ +46,
Li wklv frqglwlrq lv phw/ wkh vwhdg| vwdwh lv xqltxh dqg wkh vwhdg| vwdwh
jurzwk udwhv ri doo hqgrjhqrxv yduldeohv duh wkhq gh￿qhg lq Wdeoh 41
9Wr ghulyh wkh Klfnvldq ghpdqg ixqfwlrqv/ zh ￿uvw frpsxwh wkh h{shqglwxuh ixqfwlrq
fruuhvsrqglqj wr wkh Vwrqh0Jhdu| suhihuhqfh v|vwhp h+f>s, @ fs4￿￿ . ￿s
9Yduldeoh: Vwhdg| vwdwh jurzwk udwh






&6 G g*u udwlr pdqxi1
>6
￿3k
&@ G g*u udwlr dj1
>6
￿3k
,6 G vkduh ri u lq pdq1 f
,@ G vkduh ri u lq dj1 f
S G dj1 frqv1
>6d￿3E￿3b￿E￿3q￿￿o
￿3k nE ￿￿ b￿d>@ ￿ E￿ ￿q￿ ￿ q2￿E? n 1￿o
S6 G frqv1 ri pdqxi1
>6
￿3k
S@ G frqv1 ri irrg q￿
>6
￿3k n >@ ￿ E￿ ￿ q￿ ￿ q2￿E? n 1￿
+6 G surg1 ri pdqxi1
>6
￿3k
+@ G surg1 ri irrg q￿
>6
￿3k n >@ ￿ E￿ ￿ q￿ ￿ q2￿E? n 1￿
R G uho1 sulfh ri irrg E￿ ￿q￿￿
>6
￿3k ￿ >@ n E￿ ￿q￿ ￿q2￿E? n 1￿
o G lqwhuhvw udwh f
￿ G zdjh udwh
>6
￿3k
r G uhqwdo udwh ri odqg
>6
￿3k n ? n 1
RA G sulfh ri odqg
>6
￿3k n ? n 1
Wdeoh 4= Vwhdg| vwdwh jurzwk udwhv
Surri1 Wkh vwhdg| vwdwh jurzwk udwhv duh lghqwl￿hg e| lpsrvlqj ￿ &*&
wr eh frqvwdqw lq htxdwlrq +;, dqg xvlqj wkh rwkhu htxloleulxp frqglwlrqv1
Wkh vxvwdlqdelolw| frqglwlrq uh hfwv wkh idfw wkdw zlwk wkhvh jurzwk udwhv/
htxdwlrq +:, fdq rqo| krog lq wkh orqj uxq li wkh whup ￿R grhv qrw jurz idvwhu
wkdq wkh rwkhu whupv1 Wkh surri ri h{lvwhqfh dqg xqltxhqhvv ri wkh vwhdg|
vwdwh lv ohqjwk| dqg dydlodeoh iurp wkh dxwkruv xsrq uhtxhvwv1
515 Lqwhusuhwdwlrq dqg lpsolfdwlrqv
Sursrvlwlrq 4 fdq eh xqghuvwrrg e| ghfrpsrvlqj wkh jurzwk lq djulfxowxudo








:Doo sk|vlfdo txdqwlwlhv duh h{suhvvhg lq shu fdslwd whupv1
:zkhuh +@ ’ t@*u lv shu fdslwd surgxfwlrq ri irrg/ &@ lv wkh fdslwdo0oderu
udwlr lq djulfxowxuh dqg ,@ wkh vkduh ri oderu irufh hpsor|hg lq djulfxowxuh1
E| orj0gl￿huhqwldwlqj wklv h{suhvvlrq zh rewdlq=
￿ +@
+@
’ >@ n q￿
￿ &@
&@
nE q￿ n q2￿
￿ ,@
,@




Lq wkh orqj uxq/ wkh sursruwlrq ri oderu irufh doorfdwhg wr djulfxowxuh fdq eh
h{shfwhg wr frqyhujh wr d frqvwdqw vr wkdw ￿ ,@ ’f ￿ Htxdwlrq +48, wkhuhiruh
vkrzv wkdw wkh jurzwk lq shu fdslwd irrg surgxfwlrq kdv rqo| wkuhh frp0
srqhqwv1 Wkh ￿uvw rqh/ >@c fruuhvsrqgv wr wkh frqwulexwlrq ri whfkqrorjlfdo
surjuhvv lq djulfxowxuh wr wkh jurzwk lq irrg surgxfwlrq dqg lv dozd|v srvl0
wlyh1 Wkh vhfrqg rqh/ E￿ ￿ q￿ ￿ q2￿￿ ￿*￿cuh hfwv wkh ghfuhdvh lq djulfxowxudo
rxwsxw shu fdslwd uhvxowlqj iurp wkh ghfolqh lq wkh odqg0oderu udwlr1 Wklv
ghfolqh kdv lwvhoi wzr ruljlqv/ wkh jurzwk lq srsxodwlrq rffxuulqj dw udwh ? dv
zhoo dv odqg ghjudgdwlrq dw udwh 1c vr wkdw wklv whup/ zklfk lv qhjdwlyh/ fdq
dovr eh zulwwhq dv ￿E￿￿q￿ ￿q2￿E?n1￿￿ Ilqdoo|/ wkh odvw whup q￿￿ &@*&@ fds0
wxuhv wkh srvlwlyh frqwulexwlrq wkdw fdslwdo ghhshqlqj lq djulfxowxuh pdnhv wr
wkh jurzwk lq shu fdslwd irrg surgxfwlrq1 Lw fdq eh vkrzq wkdw wkh fdslwdo0
oderu udwlr lq djulfxowxuh fdq qrw jurz frqwlqxrxvo| dw d udwh juhdwhu wkdq
>6*E￿ ￿ k￿￿ Wkhuhiruh/ lq wkh orqj uxq/ li frqglwlrq +46, grhv qrw krog/ wkh
vxp ri wkhvh wkuhh frqwulexwlrqv lv vwulfwo| qhjdwlyh dqg shu fdslwd frqvxps0
wlrq ri irrg frqwlqxrxvo| ghfuhdvhv1 Frqvhtxhqwo|/ frqglwlrq +46, uh hfwv wkh
delolw| ri d frxqwu| wr jhqhudwh hqrxjk irrg wr vdwlvi| wkh edvlf qhhgv ri lwv
srsxodwlrq/ zklfk mxvwl￿hv lwv lqwhusuhwdwlrq lq whupv ri vxvwdlqdelolw|1
Zkdw kdsshqv li wkh vxvwdlqdelolw| frqglwlrq lv qrw vdwlv￿hgB Wkh prgho
uhdfkhv lwv olplwv dw wklv ohyho ehfdxvh ri wkh h{rjhqhlw| ri doo wkh g|qdplf
sdudphwhuv +udwh ri srsxodwlrq jurzwk/ udwh ri whfkqrorjlfdo surjuhvv lq hdfk
vhfwru dqg vshhg ri odqg ghjudgdwlrq,1 Krzhyhu/ lw lv qdwxudo wr srvwxodwh
wkdw d Pdowkxvldq dgmxvwphqw zrxog wdnh sodfh zlwk wkh udwh ri srsxodwlrq




n >@ ’ E￿ ￿ q￿ ￿q2￿E?
￿ n 1￿c +49,
Wklv ghfolqh lq wkh udwh ri qhw srsxodwlrq jurzwk frxog frqfhlydeo| rulj0
lqdwh hlwkhu iurp dq lqfuhdvh lq pruwdolw| udwh ru iurp d ghfolqh lq wkh eluwk
udwh1
Idfwruv frqgxflyh wr hfrqrplf vxvwdlqdelolw|1 Forvh h{dplqdwlrq
ri frqglwlrq +46, hvwdeolvkhv wkh fkdudfwhulvwlfv ri wkh hfrqrp| zklfk/ fhwhulv
;sdulexv/ pdnhv lw pruh olnho| iru hfrqrplf jurzwk wr eh vxvwdlqdeoh lq wkh
orqj uxq1 Wkrvh fkdudfwhulvwlfv kdyh pdmru lpsolfdwlrqv iru krz hfrqrplf
srolflhv wr hqfrxudjh jurzwk vkrxog ydu| e| frxqwu|1 Wkh| duh vxppdul}hg
lq wkh iroorzlqj wdeoh=
Sdudphwhu H￿hfw
>@ G Whfkqrorjlfdo fkdqjh lq djulfxowxuh .
>6 G Whfkqrorjlfdo fkdqjh lq pdqxidfwxulqj .
k G N vkduh lq surgxfwlrq ri pdqxidfwxuhv .
q￿ G Fdslwdo vkduh lq surgxfwlrq ri irrg .
q2 G Oderu vkduh lq surgxfwlrq ri irrg .
￿ ￿q￿ ￿q2 G Odqg vkduh lq Dj 0
? G Qhw srsxodwlrq jurzwk 0
1 G Udwh ri odqg ghjudgdwlrq 0
Wdeoh 5= H￿hfw ri dq lqfuhdvh lq sdudphwhu ydoxh rq olnholkrrg ri
vxvwdlqdeoh jurzwk
Wkh wdeoh uhd!upv wkdw idvw whfkqrorjlfdo fkdqjh lq djulfxowxuh +odujh
>@, gulyhv wkh hfrqrp| wrzdugv vxvwdlqdelolw| wkurxjk lwv gluhfw dqg srvlwlyh
h￿hfw rq djulfxowxudo rxwsxw1 Krzhyhu/ vhyhudo rwkhu fkdudfwhulvwlfv ri wkh
hfrqrp| duh lpsruwdqw lq uhlqiruflqj wklv h￿hfw= ￿uvw/ whfkqrorjlfdo surjuhvv
lq pdqxidfwxulqj +sdudphwhu >6, vshhgv wkh dffxpxodwlrq ri fdslwdo dqg
wkxv ehqh￿wv wkh djulfxowxudo vhfwru dqg dffhohudwhv lwv jurzwk1 Wklv h￿hfw
zloo eh vwurqjhu li fdslwdo sod|v d eljjhu uroh lq wkh surgxfwlrq surfhvv ri
irrg/ l1h1 li fdslwdo vkduh q￿ lv odujh1 Vlploduo|/ d odujhu fdslwdo vkduh lq wkh
surgxfwlrq ri pdqxidfwxuhv jxdudqwhhv idvwhu fdslwdo dffxpxodwlrq dqg djul0
fxowxudo jurzwk dw wkh vwhdg| vwdwh1 Idvw srsxodwlrq jurzwk ru lqwhqvh odqg
ghjudgdwlrq kdyh vlplodu dgyhuvh h￿hfwv rq vxvwdlqdelolw| wkurxjk wkhlu qhj0
dwlyh h￿hfw rq wkh odqg0oderu udwlr1 Krzhyhu/ wklv h￿hfw zloo ydu| dffruglqj
wr wkh uholdqfh ri djulfxowxudo surgxfwlrq rq odqg lqsxw dv phdvxuhg e| wkh
rxwsxw hodvwlflw| zlwk uhvshfw wr odqg +￿￿q￿￿q2￿Gwkh odujhu wklv hodvwlflw|/
wkh pruh lpsruwdqw wkh Pdowkxvldq irufhv gulylqj wkh hfrqrp| dzd| iurp
vxvwdlqhg jurzwk1
Hpslulfdo dssolfdwlrq1 Wkh dqdo|wlfdo iudphzrun ghyhorshg lq wkh suh0
ylrxv vhfwlrq fdq eh xvhg wr frpelqh jurzwk wkhru| dqg wkh uhvxowv ri jurzwk
dffrxqwlqj wr ghwhuplqh wkh vxvwdlqdelolw| ri d odqg frqvwudlqhg hfrqrp|1
Phdvxuhv ri WIS jurzwk udwhv duh ghulyhg iurp Pduwlq ) Plwud +4<<<, dqg
<wkh udwhv ri srsxodwlrq jurzwk iurp wkh Zruog Edqn Ghyhorsphqw Lqglfdwruv
+4<<<, iru wkh 4<9804<<: shulrg1 Frqvlghudeoh xqfhuwdlqw| uhpdlqv uhjduglqj
wkh lpsruwdqfh ri odqg ghjudgdwlrq dw d frxqwu| ohyho vr wkdw wkuhh dqqxdo
udwhv duh frqvlghuhg= 3/ 4 dqg 6(1 Zkloh wkh fdslwdo vkduh lq pdqxidfwxulqj
lv vhw wr d frqyhqwlrqdo ydoxh ri 317/ wkuhh vhwv ri sdudphwhuv gh￿qlqj wkh
djulfxowxudo whfkqrorj| duh xvhg zkhq hvwlpdwlqj wkh vxvwdlqdelolw| frqgl0
wlrq= +q￿ ’f ￿2cq 2 ’f ￿DD￿c +q￿ ’f ￿￿cq 2 ’f ￿D￿c +q￿ ’f ￿￿cq 2 ’f ￿e￿￿
Hvwlpdwhv ri wkh vxvwdlqdelolw| htxdwlrq +wkh ohiw kdqg0vlgh ri +46, plqxv lwv
uljkw kdqg0vlgh, duh suhvhqwhg lq wkh iroorzlqj wdeoh=
β1  0.2 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1
β2 0.55 0.5 0.4 0.55 0.5 0.4 0.55 0.5 0.4
ξ  000111333
Countries µm µa n Sustainability Equation
Egypt 2.63 1.23 2.2 1.56 0.79 0.57 1.31 0.39 0.07 0.81 -0.41 -0.93
Honduras 0.22 1.60 3.1 0.90 0.40 0.09 0.65 0.00 -0.41 0.15 -0.80 -1.41
India -0.33 1.52 2.1 0.89 0.63 0.42 0.64 0.23 -0.09 0.14 -0.58 -1.09
Kenya 0.68 1.69 3.4 1.07 0.44 0.10 0.82 0.04 -0.40 0.32 -0.76 -1.40
Sri Lanka -2.00 1.94 1.6 0.87 0.97 0.81 0.62 0.57 0.31 0.12 -0.23 -0.69
Madagascar 0.22 -0.18 2.6 -0.76 -1.18 -1.44 -1.01 -1.58 -1.94 -1.51 -2.38 -2.94
Malawi 0.22 0.30 3 -0.38 -0.86 -1.16 -0.63 -1.26 -1.66 -1.13 -2.06 -2.66
Pakistan 1.40 1.70 2.8 1.47 0.81 0.53 1.22 0.41 0.03 0.72 -0.39 -0.97
Tanzania 0.22 5.22 3.1 4.52 4.02 3.71 4.27 3.62 3.21 3.77 2.82 2.21
Zimbabwe -1.04 -0.67 2.9 -1.74 -2.00 -2.29 -1.99 -2.40 -2.79 -2.49 -3.20 -3.79
Low income av. 0.22 1.44 2.7 0.84 0.40 0.13 0.59 0.00 -0.37 0.09 -0.80 -1.37
Middle income av. 0.76 1.90 1.7 1.73 1.35 1.18 1.48 0.95 0.68 0.98 0.15 -0.32
Developing country av. 0.62 1.76 2 1.47 1.06 0.86 1.22 0.66 0.36 0.72 -0.14 -0.64
Developed country av. 1.91 3.35 0.8 3.79 3.35 3.27 3.54 2.95 2.77 3.04 2.15 1.77
Overall average 1.13 2.31 1.8 2.24 1.78 1.60 1.99 1.38 1.10 1.49 0.58 0.10
Table 3: Empirical assessment of the sustainability condition
Wkh vlwxdwlrq ri ghyhorshg frxqwulhv lv ￿uvw glvfxvvhg ehfdxvh ri wkh xq0
dpeljxlw| ri wkh uhvxowv iru wklv vhw ri frxqwulhv= iru doo whfkqrorjlhv/ dqg hyhq
dvvxplqj wkdw vrlo orvvhv rffxu dw d udwh ri 6( d |hdu/ hfrqrplf jurzwk lq
ghyhorshg frxqwulhv dsshduv vxvwdlqdeoh1 Wklv lv h{sodlqhg sulpdulo| e| kljk
udwhv ri WIS jurzwk lq djulfxowxuh iru wklv vhw ri frxqwulhv/ zlwk dq dyhudjh
ri pruh wkdq 6( d |hdu1 Pruhryhu/ ghyhorshg frxqwulhv kdyh iru wkh prvw
sduw frpsohwhg wkhlu ghprjudsklf wudqvlwlrqv zklfk lv uh hfwhg e| uhodwlyho|
orz udwhv ri srsxodwlrq jurzwk1 Wkh frqfoxvlrq wkdw ghyhorshg frxqwulhv
duh fxuuhqwo| rq d vxvwdlqdeoh jurzwk sdwk vkrxog kdyh ehhq h{shfwhg dqg
dq| rwkhu rqh zrxog kdyh fdvw vhulrxv grxew rq wkh ydolglw| ri wkh prgho1
43Lpsruwdqw olplwv wr jurzwk pljkw h{lvw lq lqgxvwuldol}hg frxqwulhv/ lq sduwlf0
xodu lq frqqhfwlrq zlwk hqylurqphqwdo ghjudgdwlrqv/ exw wkh| duh fhuwdlqo|
xquhodwhg wr wkh Pdowkxvldq irufhv fdswxuhg e| wkh prgho1 Li wkh ghyhorshg
zruog hyhqwxdoo| vorzv grzq/ lw zloo qrw eh ehfdxvh ri dq lqdelolw| wr ihhg lwv
srsxodwlrq1
Wkh dqdo|vlv ri wkh uhvxowv zlwk uhvshfw wr ghyhorslqj frxqwulhv eulqjv
pruh lqvljkwv lqwr wkh ghedwh rq vxvwdlqdelolw|1 Iru wkh vxevhw ri plggoh
lqfrph frxqwulhv/ suhvhqwhg rqo| e| dyhudjh ydoxhv lq Wdeoh 6/ wkh vxvwdlq0
delolw| frqglwlrq lv yhul￿hg lq doo fdvhv h{fhsw lq wkh lpsuredeoh vfhqdulr
zkhuh wkh djulfxowxudo whfkqrorj| ihdwxuhv d yhu| kljk odqg vkduh +318, dqg
zkhuh odqg ghjudgdwlrq wdnhv sodfh dw wkh idvw vshhg ri 6( d |hdu1 Dowkrxjk
jurzwk udwhv ri srsxodwlrq uhpdlq uhodwlyho| kljk lq wkhvh frxqwulhv/ zlwk
dq dyhudjh ri 41:( d |hdu/ surgxfwlylw| jdlqv lq djulfxowxuh dv hvwlpdwhg
e| Pduwlq dqg Plwud kdyh ehhq vxvwdlqhg dqg/ li shuvlvwhqw lq wkh ixwxuh/
zloo suryh vx!flhqw wr dyrlg d uhyhuvdo +ru vorz grzq, ri wkh lqgxvwuldol}d0
wlrq surfhvv fdxvhg e| dq dgyhuvh hyroxwlrq ri wkh grphvwlf whupv ri wudgh1
Pdq| uhjlrqv/ lqfoxglqj Odwlq dqg Fhqwudo Dphulfd/ wkh Plggoh Hdvw/ Qruwk
Diulfd dqg Vrxwk dqg Hdvw Dvld duh uhsuhvhqwhg lq wkh vhw ri plggoh lqfrph
frxqwulhv1
Wkh uhvxowv frqfhuqlqj orz0lqfrph frxqwulhv duh pruh khwhurjhqrxv dqg
zh fkrrvh wr suhvhqw wkhp lqglylgxdoo| lq Wdeoh 61 Iru wkh vhw ri ehqfkpdun
sdudphwhu ydoxhv q￿ ’f ￿2cq 2 ’f ￿DDc1’f c wkh vxvwdlqdelolw| htxdwlrq lv
qrw vdwlv￿hg lq wkh fdvh ri wkuhh frxqwulhv rxw ri d wrwdo ri whq> qdwxudoo|/ wkh
vxvwdlqdelolw| htxdwlrq dsshduv pruh qhjdwlyh iru uhodwlyho| pruh odqg lqwhq0
vlyh whfkqrorjlhv ru li vwulfwo| srvlwlyh udwhv ri odqg ghjudgdwlrq duh dvvxphg1
Qrwlfh dovr wkdw wkhvh wkuhh frxqwulhv ehorqj wr wkh vdph jhrjudsklfdo uhjlrq/
qdpho| vxe0Vdkdudq Diulfd/ zklfk lv wkhuhiruh lghqwl￿hg e| rxu dqdo|vlv dv
wkh uhjlrq ri wkh zruog idflqj wkh prvw vhulrxv fkdoohqjhv lq whupv ri vxv0
wdlqdelolw|1 Wklv frqfoxvlrq dsshduv frqvlvwhqw zlwk wkh olwhudwxuh rq irrg
vhfxulw| zklfk lqyduldeo| vlqjohv rxw Vxe0Vdkdudq Diulfd dv d ￿krw vsrw￿1
Khqfh/ Slqvwuxs0Dqghuvhq ) do1 +4<<:,/ lq wkhlu dvvhvvphqw ri wkh zruog
irrg vlwxdwlrq uh hfwlqj LISUL*v srvlwlrq/ zulwh +s155,=
Li Pdowkxv lv wr eh suryhq zurqj lq Vxe0Vdkdudq Diulfd/ d pxfk
juhdwhu h￿ruw pxvw eh pdgh wr hqvxuh wkdw iduphuv kdyh dffhvv wr
dssursuldwh surgxfwlrq whfkqrorj|^1111‘1 Ehvlghv qhz lqlwldwlyhv
dqg h{sdqghg vxssruw iru djulfxowxudo ghyhorsphqw/ pruh pxvw
dovr eh grqh wr uhgxfh srsxodwlrq jurzwk1
44Doo vxe0Vdkdudq Diulfdq frxqwulhv uhsuhvhqwhg lq Wdeoh 6 duh fkdudfwhu0
l}hg e| yhu| kljk jurzwk udwhv ri srsxodwlrq lq wkh udqjh ri 6( d |hdu1
Hvwlpdwhv ri WIS jurzwk udwhv lq ]lpedezh dqg Pdgdjdvfdu duh qrw rqo|
vpdoo exw qhjdwlyh vkrzlqj wkdw wkhvh frxqwulhv zloo suredeo| ehfrph pruh
dqg pruh irrg lqvhfxuh lq wkh qhdu ixwxuh1 Vlploduo|/ lq Pdodzl WIS jurzwk
lq djulfxowxuh dv zhoo dv lq pdqxidfwxulqj kdv ehhq voxjjlvk dqg xqdeoh wr
ryhufrph wkh whqghqf| iru ghfuhdvlqj uhwxuqv lq wkh idup vhfwru1 Qrwlfh/
krzhyhu/ wkdw vrph Vxe0Vdkdudq Diulfdq frxqwulhv/ qdpho| Nhq|d dqg Wdq0
}dqld/ kdyh ehhq vxffhvvixo lq dfklhylqj idvw surgxfwlylw| jdlqv lq djulfxowxuh
wkdw sxw wkhp rq d vxvwdlqdeoh jurzwk sdwk1
Krz vhqvlwlyh duh wkhvh uhvxowv wr wkh fkrlfh ri djulfxowxudo whfkqrorj|
dqg wkh vshhg ri odqg ghjudgdwlrqB Wdeoh 6 vkrzv wkdw li zh frqvlghu dq
rxwsxw hodvwlflw| zlwk uhvshfw wr odqg ri 318/ frpelqhg zlwk dq dqqxdo udwh
ri vrlo hurvlrq ri 4( d |hdu/; ru dq rxwsxw hodvwlflw| zlwk uhvshfw wr odqg ri 317
frpelqhg zlwk dq dqqxdo udwh ri vrlo hurvlrq ri 6(</ wkh frqfoxvlrqv gudzq
iurp rxu dqdo|vlv duh ghhso| d￿hfwhg1 Iru wkhvh wzr vhwv ri sdudphwhuv/ wkh
dyhudjh ri wkh vxvwdlqdelolw| htxdwlrq wdnhv d vwulfwo| qhjdwlyh ydoxh ryhu wkh
vdpsoh ri orz0lqfrph frxqwulhv/ zlwk qrw rqo| Nhq|d exw dovr qrq0Diulfdq
frxqwulhv qr orqjhu dsshdulqj rq d vxvwdlqdeoh jurzwk sdwk1 Zlwk wkh hvwl0
pdwhg jurzwk udwhv lq WIS dqg wkhvh vhwv ri sdudphwhuv/ wkh prgho vxjjhvwv
wkdw frxqwulhv vxfk dv Krqgxudv dqg Lqgld pljkw srwhqwldoo| idfh sureohpv
wr ihhg wkhlu srsxodwlrqv lq wkh ixwxuh1
6 Odqg dqg jurzwk shuirupdqfh= dqdo|vlv ri
wkh wudqvlwlrq sdwk
Wkh suhylrxv vhfwlrq kdv vkrzq krz wkh whfkqrorjlfdo fkdudfwhulvwlfv lq wkh
wzr vhfwruv wrjhwkhu zlwk wkh udwhv ri srsxodwlrq jurzwk dqg odqg ghjudgd0
wlrq frqfxu wr vkdsh wkh orqj0uxq jurzwk ri wkh hfrqrp|1 Wkh hqgrzphqw
ri dudeoh odqg glg qrw sod| d uroh lq wkh dqdo|vlv1 Krzhyhu/ wklv lv qrw wkh
fdvh dorqj wkh wudqvlwlrq sdwk/ vlqfh wkh odqg0oderu udwlr ￿ dsshduv h{solflwo|
lq rqh ri wkh htxloleulxp frqglwlrqv +43,1
Wkh prgho fdq wkhuhiruh eh xvhg wr h{soruh wkh uhodwlrqvkls ehwzhhq uhod0
wlyh dexqgdqfh lq djulfxowxudo uhvrxufhv dqg jurzwk shuirupdqfh lq wkh vkruw
;Wklv fruuhvsrqgv wr wkh whqwk froxpq ri wkh wdeoh1
<Froxpq 45 ri wkh wdeoh
45dqg phglxp uxqv1 Wkh dqdo|vlv lv mxvwl￿hg e| wkh idfw wkdw wklv uhodwlrqvkls
uhpdlqv srruo| xqghuvwrrg1 Khqfh/ zkloh dv qrwhg e| Pdwvx|dpd +4<<4,/
ghyhorsphqw hfrqrplvwv xvxdoo| wdnh iru judqwhg wkdw kljk djulfxowxudo sur0
gxfwlylw| lqyduldeo| ohdgv wr idvw lqgxvwuldol}dwlrq dqg jurzwk/ wkh klvwrulfdo
h{shulhqfh ri ghyhorshg frxqwulhv dv zhoo dv uhfhqw hpslulfdo hylghqfh rq orz
dqg phglxp0lqfrph frxqwulhv vxjjhvwv rwkhuzlvh +Vdfkv dqg Zduqhu/ 4<<8,1
Phwkrg dqg fdoleudwlrq= Iroorzlqj wkh phwkrgrorj| ri jurzwk hfr0
qrplfv/ doo yduldeohv duh qrupdol}hg lq rughu iru wkh wudqviruphg yduldeohv wr
eh frqvwdqw dw wkh vwhdg| vwdwh431 Lq wkh vshfldo fdvh zkhuh wkh vxvwdlqdelolw|
frqglwlrq +46, krogv zlwk htxdolw|/ wkh wudqviruphg v|vwhp +:,0+44, ehfrphv
vwdwlrqdu| dqg fdq eh frpsxwhg xvlqj wkh wlph holplqdwlrq phwkrg441 Rqo|
wkh fuxfldo hohphqwv ri wkh fdoleudwlrq surfhgxuh duh suhvhqwhg khuh= sdudp0
hwhu ￿ lv fkrvhq lq rughu iru vxevlvwhqfh frqvxpswlrq wr dffrxqw iru d odujh
vkduh ri lqlwldo JGS +;3(, dqg wkh prgho lv wkhuhiruh lqwhqghg wr uhsuhvhqw
d srru frxqwu|1 Sdudphwhu >6 dqg lqlwldo fdslwdo &f duh gh￿qhg vr wkdw wudq0
vlwlrqdo jurzwk dqg vwhdg| vwdwh jurzwk hdfk dffrxqw iru 83( ri d vhyhq0irog
lqfuhdvh lq JGS ryhu d kxqguhg0|hdu shulrg/ dv lq Nlqj dqg Uhehor +4<<6,1
Sdudphwhu ydoxhv/ ghulyhg iurp Pduwlq dqg Plwud +4<<<,/ Nlqj dqg Uhehor
+4<<6,/ Zlfkpdqq +4<<:,/ Hfkhyduuld +4<<9,/ duh vkrzq lq wkh iroorzlqj wd0
eoh=
>6 k q￿ q2 4 b ? w ￿ B 1
31339 317 315 3188 3135 31;8 3135: 8 514 314 3
Wdeoh 7= Sdudphwhu ydoxhv
Vlpxodwlrq uhvxowv= Iljxuhv 4 wkurxjk 7 suhvhqw wkh uhvxowv ri vlpxod0
wlrqv iru wzr gl￿huhqw lqlwldo odqg0oderu udwlrv1 Wkh edvholqh vfhqdulr +￿f ’￿ ,
fruuhvsrqgv wr wkh frqwlqxrxv olqhv zkloh wkh fdvh ri dq hfrqrp| ￿yh wlphv
ulfkhu lq dudeoh odqg lv uhsuhvhqwhg e| wkh gdvkhg olqhv451
Wkh frqyhujhqfh ri wkh hfrqrp| wr lwv orqj0uxq htxloleulxp/ fkdudfwhu0
l}hg e| frqvwdqf| ri doo qrupdol}hg yduldeohv/ lv d surwudfwhg surfhvv 1 Iljxuh
43Iru lqvwdqfh/ gh￿qh qrupdol}hg fdslwdo shu zrunhu dv a n @ n@D
4
4￿￿
p > qrupdol}hg sulfh
ri irrg dv a s @ sDd￿4￿￿4￿￿5@D
4￿￿4
4￿￿
p dqg vr rq1
44Iru d eulhi suhvhqwdwlrq ri wkh wlph holplqdwlrq phwkrg/ vhh Eduur dqg Vdod0l0Pduwlq
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45Wklv gl￿huhqfh lq odqg hqgrzphqwv vhhpv uhdolvwlf zkhq frpsduhg wr furvv0frxqwu|
gdwd dv uhsruwhg lq wkh Zruog Edqn Ghyhorsphqw Lqglfdwruv 4<<<1
464 vkrzv wkdw wkh jurzwk udwh fdq uhpdlq vljql￿fdqwo| odujhu wkdq lwv vwhdg|
vwdwh ydoxh iru d orqj shulrg ri wlph1 Lq sduwlfxodu/ iru wkh edvh olqh vfh0
qdulr/ wkh wudqvlwlrqdo frpsrqhqw ri JGS jurzwk uhpdlqv odujhu wkdq lwv
vwhdg| vwdwh frpsrqhqw +4(, iru doprvw 73 |hduv1 Pruh lpsruwdqwo|/ Ilj0
xuh 4 vkrzv wkdw gl￿huhqfhv lq hqgrzphqwv ri djulfxowxudo uhvrxufhv kdyh
pdmru frqvhtxhqfhv iru wkh jurzwk udwh ri wkh hfrqrp|1 Wkh uhodwlyho| odqg
dexqgdqw frxqwu| lv fkdudfwhul}hg e| d odujh wudqvlwlrqdo jurzwk udwh lq hduo|
shulrgv/ lq wkh udqjh ri 43( d |hdu1 E| frqwudvw/ wudqvlwlrqdo jurzwk sur0
fhhgv dw eduho| pruh wkdq5(d| h d ui r uw k hedvholqh frxqwu|1 Lq wklv forvhg
hfrqrp| frqwh{w/ wkh prgho wkhuhiruh dsshduv wr vxssruw d srvlwlyh uhod0
wlrqvkls ehwzhhq uhodwlyh dexqgdqfh ri djulfxowxudo uhvrxufhv dqg jurzwk/ lq
djuhhphqw zlwk wkh ruwkrgr{ ylhz ri wkh ghyhorsphqw olwhudwxuh1
Iljxuhv 5 wkurxjk 7 khos xqghuvwdqg wklv uhvxow1 Iljxuh 5 vkrzv wkdw
wkh gl￿huhqfhv lq wudqvlwlrqdo jurzwk sdwkv uhvxow hvvhqwldoo| iurp gl￿huhqfhv
lq vdylqj udwhv ehwzhhq wkh wzr vfhqdulrv= zkloh wkh uhodwlyho| odqg0srru
frxqwu| vwduwv vdylqj dw eduho| pruh wkdq 8( d |hdu/ wkh vdylqj udwh lq wkh
odqg0dexqgdqw frxqwu| qhyhu idoov ehorz 45(1 Pruh ixqgdphqwdoo|/ lw lv wkh
sulfh ri irrg dqg xowlpdwho| wkh shuirupdqfh ri wkh djulfxowxudo vhfwru wkdw
h{sodlq wkhvh gl￿huhqfhv lq jurzwk shuirupdqfh1 Dv vkrxog eh h{shfwhg/
wkh uhodwlyh sulfh ri irrg lq wkh odqg0vfdufh frxqwu| lv vljql￿fdqwo| odujhu
+doprvw grxeoh, wkdq lq wkh rwkhu frxqwu|1 Frqvhtxhqwo|/ wkh krxvhkrog
lq wkh uhodwlyho| odqg vfdufh frxqwu| vshqgv d odujh vkduh ri lwv lqfrph rq
vxevlvwhqfh vr wkdw vdylqjv fdq rqo| eh gudzq iurp d vpdoo uhvlgxdo lqfrph1
Wklv h{sodqdwlrq lv frq￿uphg e| dgglwlrqdo vlpxodwlrqv wkdw hvwdeolvk wkdw
li wkh vxevlvwhqfh ohyho ￿ lv vhw wr }hur/ wkh wzr frxqwulhv iroorz yhu| vlplodu
wudqvlwlrq sdwkv1 Wkh qrq0krprwkhwlflw| ri suhihuhqfhv lv wkhuhiruh lghqwl￿hg
dv dq hvvhqwldo fkdudfwhulvwlf h{sodlqlqj krz wkh djulfxowxudo vhfwru lqwhuyhqhv
lq wkh jurzwk surfhvv1
Ilqdoo|/ Iljxuh 7 vkrzv wkdw wkh prgho jhqhudwhv vrph vxevwdqwldo vwuxf0
wxudo wudqvirupdwlrq dorqj lwv wudqvlwlrq sdwk1 Dv revhuyhg lq yluwxdoo| doo
frxqwulhv lq wkh zruog/ oderu  rzv frqwlqxrxvo| iurp wkh djulfxowxudo vhfwru
wr wkh uhvw ri wkh hfrqrp|1 Krzhyhu/ wklv surfhvv wdnhv vljql￿fdqwo| orqjhu
iru wkh uhodwlyho| odqg vfdufh frxqwu| +;3 |hduv yhuvxv 68 |hduv,1
H{whqvlrq= rshqlqj wkh hfrqrp| wr lqwhuqdwlrqdo wudgh1
Dv yluwxdoo| doo wkh g|qdplf prghov wkdw kdyh ehhq ghyhorshg wr dqdo|}h
wkh uroh ri djulfxowxuh lq wkh surfhvv ri jurzwk dqg ghyhorsphqw/ rxu dqdo|wl0
fdo iudphzrun jlyhv wrr pxfk lpsruwdqfh wr wkh jhqhudwlrq ri dq djulfxowxudo
47vxusoxv lq wkh frqwh{w ri dq hfrqrp| ixqfwlrqlqj lq dxwdufk|461 Lq wrgd|*v
joredo hfrqrp|/ d frxqwu| zlwk olwwoh djulfxowxudo uhvrxufhv fdq wxuq wr zruog
pdunhwv wr ihhg lwv srsxodwlrq dqg xqghu wkhvh frqglwlrqv/ irrg edodqfh lv
sduw ri wkh pruh jhqhudo lvvxh ri wkh edodqfh ri wudgh1 Lq idfw/ wkh delolw|
ri frxqwulhv wr lpsruw djulfxowxudo frpprglwlhv h{sodlqv zk| wkh w|sh ri
Pdowkxvldq dgmxvwphqwv vxjjhvwhg e| wkh prgho duh qrw revhuyhg lq wkh uhdo
zruog1
Krzhyhu/ rxu iudphzrun fdq hdvlo| eh h{whqghg wr dffrxqw iru lqwhuqd0
wlrqdo wudgh1 Wkh uhpdlqghu ri wklv vhfwlrq lqyhvwljdwhv zkhwkhu wudgh olehu0
dol}dwlrq pljkw eh d vroxwlrq wr wkh sureohp ri vorz jurzwk ri d orz0lqfrph
frxqwu| uhodwlyho| srruo| hqgrzhg lq djulfxowxudo uhvrxufhv dqg ixqfwlrqlqj
lq dxwdufk|1 Wkh iroorzlqj dvvxpswlrqv duh pdgh=
￿ Wkh frxqwu| xqghu frqvlghudwlrq lv vpdoo rq doo pdunhwv/ phdqlqj wkdw
lwv lpsruw dqg h{sruw ghflvlrqv fdq qrw lq xhqfh zruog sulfhv
￿ Rqo| wudgh lq jrrgv lv doorzhg +qr lqwhuqdwlrqdo eruurzlqj ru ohqglqj,
￿ Wkh uhvw ri wkh zruog lv prghohg dv d forvhg hfrqrp| kdylqj uhdfkhg
lwv vwhdg| vwdwh1
Lq dgglwlrq/ lw lv dvvxphg wkdw wkh uhvw ri wkh zruog lv vlplodu lq doo dvshfwv
wr wkh vpdoo hfrqrp| vr wkdw doo ri lwv sdudphwhuv fruuhvsrqg wr wkh ydoxhv
lq Wdeoh 71 Krzhyhu/ wkh odqg0oderu udwlr lv whq wlphv odujhu lq wkh uhvw ri
wkh zruog wkdq lq wkh vpdoo frxqwu|1
Xqghu wkhvh frqglwlrqv/ lw fdq eh vkrzq dqdo|wlfdoo| wkdw wkh vpdoo frxq0
wu| frqyhujhv wr d vwhdg| vwdwh dqg lwv wudqvlwlrq fdq eh frpsxwhg xvlqj wkh
wlph0holplqdwlrq phwkrg1 Iljxuhv 8 wkurxjk ; frpsduhv wkh jurzwk sdwkv
ri wkh vpdoo frxqwu| ixqfwlrqlqj lq dxwdufk| +frqwlqxrxv olqhv, dqg rshq wr
wudgh +gdvkhg olqhv,1
Wkh pdlq uhvxow ghulyhg iurp wkh vlpxodwlrqv lv suhvhqwhg lq Iljxuh 8=
lq wkh fdvh ri wklv qxphulfdo h{shulphqw/ wudgh olehudol}dwlrq dffhohudwhv
jurzwk ri wkh orz0lqfrph frxqwu| vljql￿fdqwo|1 Pruh suhflvho|/ wkh wudq0
vlwlrqdo jurzwk udwh lv lqfuhdvhg e| dssur{lpdwho| 5( ryhu wkh ￿uvw whq |hduv
ri wkh wudqvlwlrq dqg wkh rshq hfrqrp| vwloo jurzv idvwhu wkdq wkh frxqwu|
forvhg wr wudgh diwhu 58 |hduv1 Wklv lqfuhdvh lq jurzwk udwh vkrxog eh frp0
sduhg wr wkh uhvxowv ri vwdwlf FJH prghov dv vxppdul}hg e| Uxwkhuirug dqg
Wduu +4<<<,=
46Wzr qrwdeoh h{fhswlrqv duh Hfkhyduuld +4<<8, dqg Pdwvx|dpd +4<<4,1
48Zkdw kdv ehhq wurxeolqj lv wkdw wkh qxphulfdo prgholqj hvwlpdwhv
ri wkh lpsdfw ri wudgh olehudol}dwlrq kdyh jhqhudoo| irxqg wkdw
wudgh olehudol}dwlrq lqfuhdvhv wkh zhoiduh ri d frxqwu| e| rqo|
derxw rqh0kdoi wr rqh shufhqw ri JGS/ jdlqv zklfk duh yhu| vpdoo
lq uhodwlrq wr wkh sdudgljp1
Wkh prgho wkhuhiruh dsshduv wr fdswxuh d phfkdqlvp uhodwlqj hfrqrplf
jurzwk wr wudgh wkdw lv pruh lpsruwdqw wkdq wkh vwdwlf uhdoorfdwlrq ri uh0
vrxufhv dfurvv vhfwruv1 Iljxuh 9 vkrzv wkdw wudgh olehudol}dwlrq uhvxowv lq dq
lqfuhdvh lq wkh vdylqj udwh dqg iurp Iljxuh : lw fdq eh srvwxodwhg wkdw/ dv iru
wkh suhylrxv vhw ri vlpxodwlrqv/ wklv lqfuhdvh uhodwhv wr wkh uhodwlyho| orz sulfh
ri irrg= wkh vpdoo frxqwu| rshq wr wudgh kdylqj dffhvv wr uhodwlyho| fkhds
djulfxowxudo frpprglwlhv fdq pruh hdvlo| phhw lwv vxevlvwhqfh qhhgv dqg wklv
h{sdqgv wkh srvvlelolwlhv ri jhqhudwlqj vdylqjv wr ￿qdqfh lqyhvwphqw1 Wkdw
lv wkurxjk wklv phfkdqlvp wkdw vwdwlf jdlqv iurp wudgh uhvxow lq idvwhu idfwru
dffxpxodwlrq dqg xowlpdwho| d kljkhu jurzwk udwh1
7 Frqfoxvlrq
Wklv sdshu ghyhorshg d wzr0vhfwru prgho ri jurzwk zkhuh djulfxowxuh zdv
frqvlghuhg h{solflwo|1 Wkh dqdo|vlv ri lwv vwhdg| vwdwh surshuwlhv hvwdeolvkhg
wkdw wkh ghwhuplqdwlrq ri hfrqrplf vxvwdlqdelolw| iru d frxqwu| idflqj d odqg
frqvwudlqw uhvxowv iurp wkh lqwhusod| ri ydulrxv irufhv1 Lq dgglwlrq wr wkh udwhv
ri srsxodwlrq jurzwk dqg WIS jurzwk lq djulfxowxuh/ zklfk kdyh ehhq hp0
skdvl}hg lq wkh ghyhorsphqw olwhudwxuh/ lw zdv vkrzq wkdw surgxfwlylw| jdlqv
lq wkh uhvw ri wkh hfrqrp|/ vshhg ri odqg ghjudgdwlrq dqg lqwhqvlw| ri idfwru
xvh lq doo vhfwruv duh lpsruwdqw ghwhuplqdqwv ri vxvwdlqdelolw|1 Lq sduwlfxodu/
fdslwdo lqwhqvlw| lq djulfxowxuh dsshduv fuxfldo iru surgxfwlylw| jdlqv lq pdq0
xidfwxulqj wr eh wudqvihuuhg wr wkh idup vhfwru wkurxjk lwv xvh ri lqgxvwuldoo|
surgxfhg lqsxwv1 Dq hpslulfdo dssolfdwlrq vlqjohg rxw vxe0Vdkdudq Diulfd
dv wkh uhjlrq ri wkh zruog idflqj wkh prvw lpsruwdqw fkdoohqjhv lq whupv ri
vxvwdlqdelolw|1
Wkh vhfrqg sduw ri wkh sdshu dovr vkrzhg wkdw wkh wudqvlwlrqdo surshuwlhv
ri wkh prgho khos xqghuvwdqg krz wkh ixqfwlrqlqj ri wkh djulfxowxudo vhfwru
fdq lq xhqfh jurzwk1 Lq wkh frqwh{w ri d forvhg hfrqrp|/ wkh prgho xqdp0
eljxrxvo| vxssruwv wkh ylhz wkdw kljk djulfxowxudo surgxfwlylw| lv frqgxflyh
wr idvw jurzwk dqg lqgxvwuldol}dwlrq1 Wklv uhvxow zdv h{sodlqhg e| wkh idfw
49wkdw wkh delolw| ri wkh djulfxowxudo vhfwru wr surgxfh uhodwlyho| fkhds irrg lv
hvvhqwldo iru d frxqwu| wr hvfdsh d vlwxdwlrq ri txdvl0vxevlvwhqfh fkdudfwhu0
l}hg e| d vpdoo vdylqj udwh1 Rqfh wkh frxqwu| lv doorzhg wr wudgh/ krzhyhu/
wkh uhodwlrqvkls dsshduv pruh frpsoh{/ exw d qxphulfdo h{dpsoh hvwdeolvkhg
wkdw wudgh olehudol}dwlrq fdq vxevwdqwldoo| dffhohudwh wkh jurzwk ri d frxqwu|
srruo| hqgrzhg lq djulfxowxudo uhvrxufhv1
Wklv vhw ri uhvxowv kdv d qxpehu ri srolf| lpsolfdwlrqv1 Lw surylghv/ zlwklq
wkh iudphzrun ri d ixoo| frqvlvwhqw wkhru|/ dq h{sodqdwlrq iru wkh hpslulfdo
￿qglqj wkdw d vwurqj eldv djdlqvw djulfxowxuh lq ghyhorslqj frxqwulhv/ wrjhwkhu
zlwk d uhvwulfwlyh wudgh uhjlph/ uhvxowv lq srru jurzwk shuirupdqfh1 Pruh
jhqhudoo|/ lw vxssruwv wkh ylhz wkdw wudgh dqg djulfxowxudo srolflhv lqwhqghg
wr errvw wkh jurzwk ri d orz0lqfrph frxqwu| vkrxog eh dgmxvwhg wr wkh vhw
ri lqlwldo frqglwlrqv fkdudfwhul}lqj wklv frxqwu|/ lq sduwlfxodu zlwk uhvshfw wr
idfwru sursruwlrqv1
Lw lv dovr eholhyhg wkdw wklv sdshu pdnhv d phwkrgrorjlfdo frqwulexwlrq
wr wkh ghyhorsphqw ri g|qdplf FJH prghov fdswxulqj wkh vshfldo vwuxfwxuh
ri ghyhorslqj frxqwulhv1 Wkh dsshdo ri wkhvh prghov dulvhv iurp wkhlu delolw|
wr pdnh suhglfwlrqv ri jurzwk udwhv zklfk duh ri frqvlghudeoh lpsruwdqfh wr
srolf| pdnhuv durxqg wkh zruog1 Krzhyhu/ wkh| duh riwhq shufhlyhg dqg xvhg
dv eodfn er{hv surgxflqj uhvxowv wkdw duh gl!fxow wr mxvwli|1 Lw lv rqo| e|
dqdo|}lqj wkh surshuwlhv ri sduvlprqlrxv prghov vxfk dv wkh rqh suhvhqwhg
khuh wkdw zh zloo lpsuryh rxu xqghuvwdqglqj ri pruh frpsoh{ prghov1
4:￿￿￿￿ Odqg0vfdufh frxqwu|
0 0 0 0 0 0 Odqg0dexqgdqw frxqwu|








Iljxuh 4= Udwh ri wudqvlwlrqdo jurzwk








Iljxuh 5= Lqyhvwphqw2JGS udwlr
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Iljxuh 6= Uhodwlyh sulfh ri irrg










Iljxuh 7= Zrun irufh doorfdwlrq
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Iljxuh 8= Udwh ri wudqvlwlrqdo jurzwk











Iljxuh 9= Lqyhvwphqw2JGS udwlr










Iljxuh := Uhodwlyh sulfh ri irrg









Iljxuh ;= Zrun irufh doorfdwlrq
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